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Objec2ves	  

1.  Use	  calibrated	  (in	  situ)	  measurements	  of	  CO2	  
from	  NOAA	  to	  evaluate	  JPL/CMS	  data	  
assimila2on	  system.	  

2.  Use	  measurements	  of	  Amazonian	  CO2	  from	  
light	  aircraR	  to	  help	  fill	  in	  GOSAT/ACOS	  data	  
gaps	  above	  a	  cri2cal	  region.	    
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Differences	  in	  Observed	  and	  Simulated	  
N-‐S	  gradients	  of	  CO2	  
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Differences	  in	  Seasonal	  Cycles	  of	  CO2	  
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Differences	  in	  Ver2cal	  Profiles	  of	  CO2	  
All Year
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South	  American	  Regional	  Inversions	  



Amazonian	  C	  flux	  has	  been	  woefully	  
underconstrained	  

trees with DBH above 60 cm account for 50% of the
biomass. In this transect, trees are identified and dend-
rometers are placed in a random sub-sample within the
plot, but distributed across taxonomic families and sizes.
The dendrometers normally used are stainless-steel
bands (Rice et al. 2004; Vieira et al. 2004) or automated
systems (Miranda 2002; Silva et al. 2002). Baker et al.
(2004a, b) produced three estimates based on above-
ground measurements in plots. Their results were clus-
tered in three groups: east and central plots; western
plots and floodplain plots. The east and central plots
showed the smallest carbon gain
(!0.37 ton C ha!1 year!1) and the floodplain forest
plots the largest carbon gain (!1.2 ton C ha!1 year!1).

In recent study, Vieira et al. (2004) has illustrated a
high diversity among three study plots located in terra-
firme forests near Manaus, Rio Branco and Santarém
(Table 1). The range in number of species per hectare in
these plots was similar to that in other 16 other plots
summarized by Oliveira and Nelson (2001) that show a
range from 90 up to 285 species per hectare in Amazo-
nian terra-firme forests.

An important aspect of aboveground biomass, espe-
cially wood, is the residence time of carbon in this pool.
This is related to functional group, forest stand, nutrient
availability and environmental conditions. Condit et al.
(1995) have shown large increases in tree mortality
associated with extremely dry conditions in tropical
forests. The difference in adaptation to extreme condi-

tions potentially leads to changes in how biomass is
distributed among different functional types (Philips and
Gentry 1994). Also, the accumulation of C in living
wood may be offset by tree mortality; hence the degree
to which a forest is acting as a source or sink of C to the
atmosphere is not solely dependent on the growth rate of
living wood. Understanding mortality, its spatial and
temporal distribution, and its relationship to climate and
disturbance (such as fire, for instance) are critical points
to be considered when attributing mean life time for
trees on global models of climatic change. Chambers
et al. (1998) found that the ages of emergent trees (DBH
varying from 80 cm to 240 cm) sampled near Manaus,
central Amazonia, varied from 200 years to 1,400 years,
although such millenary trees were not documented
by other investigations anywhere else in the tropics
(Worbes 2002).

Besides the high variability in tree age reported for a
single site, radiocarbon ages determined in several trees
in Manaus, Rio Branco and Santarém showed also a
large within site variability, as well as a high variability
among sites (Vieira et al. 2004). For instance, the mean
radiocarbon age in Manaus was 306 years, while in
Santarém the mean radiocarbon age was much younger,
approximately 160 years (Simone Vieira and Plı́nio
Camargo, personal communication). Overall, the few
results shown so far indicate that mean tree age in
Amazonia appears to be higher than 42 years as used in
some models.

NEE of Amazonia

Several papers based on modeling terrestrial NPP
(Friedlingstein et al. 1995; Mellilo et al. 1996; Thompson
et al. 1996; McGuire et al. 1997) have shown that
tropical forests could be one of the key biomes in the
modern global carbon cycle. Nevertheless, the first esti-
mate of tropical NEE produced by atmospheric inverse
model calculations showed a high degree of variability,
revealing no CO2 emission pulse created by tropical
deforestation (Schimel et al. 2001). This was taken as
indirect evidence that the tropics could be acting as an
important carbon sink, as deforestation was widespread
in this region. Several basin-wide estimates, proposed
since the beginning of the 1990s for Amazonia, are
summarized in Fig. 6. The first local measurement made
by Grace et al. (1995a), using eddy covariance technique,

Table 1 Number of individuals with diameter at breast height
higher than 10 cm/ha followed by the number of botanical families
and species in Manaus, Rio Branco and Santarém (Vieira et al.
2004)

Manaus Rio Branco Santarém

Individuals 626 466 450
Family 52 40 50
Species 232 164 265

Fig. 6 Estimates of net ecosystem exchange (NEE) obtained by
eddy covariance technique (open bars) and by aboveground
biomass estimates (black bars). NEE values are plotted according
to the year of publication. Grace et al. (1995a)—eddy covariance
technique, Ji-Paraná; Malhi et al. (1998)—eddy covariance tech-
nique, Manaus; Phillips et al. (1998)—biomass inventory, several
sites; Araujo et al. (2002)—eddy covariance technique Manaus;
Carswell et al. (2002)—Reserva Caixuanã; Miller et al. (in
press)—biomass inventory, Santarém; Saleska et al. (2003)—bio-
mass inventory, Santarém; Saleska et al. (2003)—eddy covariance
technique; Baker et al. (2004)—biomass inventory, eastern and
central plots, western plots and floodplain plots, respectively
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The	  “Residual	  dumping	  ground”	  of	  global	  inversions	  
-‐-‐	  Prof.	  Denning	  

J.	  Ome'o	  et	  al.,	  2005,	  Oecologia	  	  
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S.	  American	  es2mates	  vary	  wildly…not	  so	  for	  the	  temperate	  north,especially	  in	  the	  last	  ~	  5	  years	  
(more	  obs).	  

Gurney	  et	  al.,	  
2002,	  Nature	  	  



Amazonian	  C	  flux	  has	  been	  woefully	  
underconstrained…because	  we	  don’t	  have	  
enough	  observa2ons	  	  (in	  the	  right	  places)	  



RBA	  
(prevailing !
wind)	  

(prevailing !
wind)	  

Domain and Observation Sites:	  

4 Sites over Amazon Basin	

Flights every 2-3 weeks	

10-20 Samples Each Flight	

from ~300 m to 4400 m	

	


2 “boundary” sites	

Weekly Sampling	  



Lagrangian	  Par2cle	  Dispersion	  Modeling:	  
By	  running	  imaginary	  par2cles	  backwards	  through	  2me	  (using	  known	  meteorology)	  we	  can	  
determine	  the	  influence	  (footprints)	  of	  surface	  fluxes	  on	  measurements.	  

I’ll	  show	  results	  from	  2	  Lagrangian	  Par2cle	  Dispersion	  Models:	  
•  FLEXPART	  with	  GFS	  meteorology	  
•  HYSPLIT	  with	  NAMS	  meteorology	  

ppm
	  /	  (μ

m
ol	  m

-‐2	  s
-‐1)	  



Regional	  Inverse	  Modeling	  

•  CO2_pred	  =	  Flux	  X	  Footprint	  +	  CO2_bg	  

X	  =	  

Prior	  Flux	   Footprint	  

+	  

Predic2on	   Background	  

	  ΔCO2	  =	  CO2_obs	  -‐	  CO2_pred	  

!	  The	  inversion	  adjusts	  fluxes	  (and	  background)	  to	  minimize	  ΔCO2	  

! Use	  observa2ons	  to	  op2mize	  first-‐guess	  (a	  priori)	  biosphere	  fluxes	  

20N	   20S	  



CO2 INVERSION FRAMEWORK	  
•  1 year batch inversions, covering 2010-2011	


•  ~1000 Observations/year from 4 sites:  ALF, RBA, SAN, TAB	


•  Flux vector includes:  (Covariance Matrix ~ 10^14 elements!!)	


•      1) Land Biosphere Fluxes (NEE) + Fire Fluxes	


•      2) Background mole fractions (background will be optimized!)	


•  Inversion resolution: 3-hourly, 1ºx1º	


•  Aggregate fluxes to sub-Basin regions by month	




RBA	  2010	  Wet	  Season	  (jan-‐may)	  
*	  Observa2ons	  
-‐-‐	  Prior	  Es2mate	  
–	  	  Posterior	  Es2mate	  

RBA	  2010	  Dry	  Season	  (july-‐oct)	  
*	  Observa2ons	  
-‐-‐	  Prior	  Es2mate	  
–	  	  Posterior	  Es2mate	  



Jan	  2010	   Feb	  2010	   Mar	  2010	   Apr	  2010	  

May	  2010	   Jun	  2010	   Jul	  2010	   Aug	  2010	  

Sep	  2010	   Oct	  2010	   Nov	  2010	   Dec	  2010	  

umol	  C	  /m2	  /s	  

Monthly	  Mean	  Fluxes	  2010	  (Transport	  from	  Hysplit)	  



Jan	  2011	   Feb	  2011	   Mar	  2011	   Apr	  2011	  

May	  2011	   Jun	  2011	   Jul	  2011	   Aug	  2011	  

Sep	  2011	   Oct	  2011	   Nov	  2011	   Dec	  2011	  

umol	  C	  /m2	  /s	  

Monthly	  Mean	  Fluxes	  2011	  (Transport	  from	  Hysplit)	  



1
3 42
5

First half of year (wet season) = sink in both years 

Second half of year = source in both years                               
2010  bigger source Aug/Sept  

Following the 2010 Feb/March dry/hot anomalies,                     
biosphere becomes a source

Do the inversion results agree with the Gatti results?
Hysplit agrees, but this may be the “return of the leaky box top”. 
Overall though, yes: a trend towards more uptake in the early 
parts of both years is evident.

Yes. Both years show a big source in September - November, with a 
bigger signal in 2010. This seems to be occurring across the basin.

Yes. There is a March-May spike in (+) NEE. This is seen across 
the basin but is clearest in Boxes 2 and 3 — the Western Amazon.

2010	   2011	   2010	   2011	  

Aggregated	  Basin	  Flux	  Totals	  by	  Month:	  
2010	  and	  2011	  



Basinwide	  Flux	  Totals	  

2010	   2011	   Difference	  

HYSPLIT	   -‐0.09	   -‐0.34	   0.25	  

FLEXPART	   0.96	   0.27	   0.69	  

Gar,	  2014,	  
Nature	  

0.48	   0.06	   0.42	  +/-‐	  0.2	  

Total	  C	  Flux	  (NBE	  +	  Fire)	  [PgC/yr]	  



To	  Be	  Done…	  

•  Regional	  CO	  Inversions	  " (not	  shown	  here)	  
•  Sub-‐basin	  and	  Seasonal	  Aggrega2on	  
•  2012-‐2013	  Inversions	  (2014	  Project)	  
•  Use	  BRAMS/STILT	  Footprints	  for	  2010-‐2011	  

•  Compare	  results	  with	  CMS	  Flux	  product	  



CO	  Inversion	  Setup	  

1.  Global	  CO	  inversion	  using	  TM5	  with	  S.	  American	  zoom	  
region.	  

2.  Prior	  fire	  flux	  from	  GFED3.1	  with	  diurnal	  cycle	  and	  
climatological	  injec2on	  heights.	  

3.  Fluxes	  from	  CH4	  and	  VOC	  oxida2on	  and	  OH	  sink	  included,	  
but	  not	  op2mized.	  

4.  Adjustments	  are	  weekly	  at	  the	  grid	  (1x1)	  scale.	  
5.  Data	  inputs	  are	  combina2ons	  of:	  
1.  AircraR	  CO	  profiles	  
2.  NOAA	  background	  data	  
3.  IASI	  



CO	  Inversion	  Results	  -‐	  2010	  



CO	  Inversion	  Results	  -‐	  2011	  



CO	  Inversion	  Results:	  2010	  –	  2011	  
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